INTRODUCTION
Dinoflagellates are the causative agents of harmful algal blooms; thus, they have been studied intensively in recent decades. Control of bloom events requires good knowledge of their basic features, including the adaptive strategies of the dinoflagellate species responsible, and an understanding of the environmental factors that regulate these events (Salgado et al. 2015) . 1990, Tseng et al. 1993 , Moncheva et al. 1995 , Grzebyk et al. 1997 , Azanza et al. 2005 and can be toxic to humans through accumulation of its toxins in edible shellfish (Silva & Sousa 1981 , Silva 1985 . P. cordatum shows wide variability of cell shape (i.e. ovate, triangular, heart shaped) and size (i.e. length 14− 22 µm, width 10−15 µm) (Dodge 1975) . This high morphological variety has often led to the description of local forms of P. cordatum as new species (Martin 1929 , Parke & Ballantine 1957 , Bursa 1959 , Fukuyo et al. 1990 , Marasović et al. 1990 , Witek & Pliński 2000 , and thus a variety of synonyms can be found in the literature. Different studies have highlighted that the high variability in cell size of dinoflagellates might be a consequence of environmental factors including salinity, temperature, nutrients and light intensity (Solum 1962 , Taylor et al. 1995 , Velikova & Larsen 1999 , Hajdu et al. 2000 , Pertola et al. 2003 , Monti et al. 2005 , Vanucci et al. 2012 . Indeed, changes in salinity are known to affect morphological and physio logical features of dinoflagellates (Jensen & Moestrup 1997 , Berden-Zrimec et al. 2008a , Laabir et al. 2011 , Röder et al. 2012 . However, little is known about the effects of salinity on P. cordatum.
In regard to growth, Hajdu et al. (2000) reported that Baltic clones of P. cordatum can grow at salinities between 2 and 35, with their optimal growth at 15 to 17. Natural blooms of P. cordatum have been correlated with declining salinities (Mendez 1993) , which have usually been associated with freshwater input and increased nutrient loading (Grzebyk & Berland 1996 , Glibert et al. 2001 , Fan et al. 2003 . Grzebyk & Berland (1996) showed that Mediterranean strains of P. cordatum grow optimally at salinities between 15 and 35 and temperatures between 18 and 26.5°C. Using a global modelling approach, Glibert et al. (2014) predicted the potential effects of nutrient loading and climate change for Prorocentrum. They calculated an expansion along the NW European Shelf−Baltic Sea region, with economic consequences and risk to human health and the ecosystem. Changes in temperature and salinity of the world's waters could also lead to modifications of algal blooms and the planktonic compartment (Wasmund et al. 2008) .
The 3 strains used in the present study were previously isolated from 3 different areas: the central Baltic Sea (Sweden), Chesapeake Bay (Maryland, USA) and the Gulf of Trieste (northern Adriatic Sea, Italy). The respective salinities for their collection points were 8, 16 and 32. In the Baltic Sea, the first recorded bloom of P. cordatum was in 1979 (Tangen 1980) , and since then, it is an annual component of the late sum-mer or autumn phytoplankton assemblage, where it can occasionally even be dominant (HELCOM 1996 , Hajdu et al. 2000 . P. cordatum blooms recur most years in the Chesapeake Bay meso haline region in the late spring and summer, after its lengthy subpycnocline transport in the estuarine circulation (Tyler & Seliger 1978 , 1981 ). In the northern Adriatic Sea, P. cordatum was first recorded during the summer of 1983. It constituted a considerable portion of the regular summer bloom that oc curred in the warm, low salinity water in the eastern Adriatic coast (Mara sović 1986). Since then, the contributions of P. cordatum to summer blooms have continued to in crease and the species has also been reported from other locations along the Adriatic coast (Fonda Umani 1985 , Pucher-Petković & Marasović 1987 , Mara sović et al. 1988 , 1990 , Marasović 1989 , Cabrini et al. 2012 .
The main aim of the present study was to test the hypothesis that salinity is one of the driving factors in the induction of size and physiological differences in different strains of the dinoflagellate P. cordatum. As the first step, molecular characterisation and morphological analyses of the 3 strains were carried out. Second, cell dimensions and specific growth rates were analysed for the 3 strains, with each cultured at 3 salinities (i.e. 8, 16, 32) . At salinity 16, all the strains showed optimal growth, and this salinity was used to further investigate the strain differences in cell volume, particulate organic carbon (POC), particulate nitrogen (PN) and photosynthetic activity (i.e. delayed fluorescence [DF] , in vivo fluorescence).
MATERIALS AND METHODS

Algal cultures
The Baltic strain of Prorocentrum cordatum (BAL) was collected in the central Baltic Sea and isolated at the Kristineberg Marine Research Station, Sweden. The American Chesapeake strain (D5) was obtained from D. Stoecker and was originally isolated from Chesapeake Bay, USA. The Adriatic strain (PmK) was isolated from the Gulf of Trieste, Italy, in the Adriatic Sea.
The non-axenic stock cultures were maintained at the National Institute for Experimental Geophysics and Oceanography (Istituto Nazionale di Oceanografia e di Geofisica Sperimentale), Trieste, Italy. They were kept at 15 ± 0.5°C, under cool-white fluorescent light (14 h light:10 h dark cycle, mean photosynthetically active radiation [PAR] 50 ± 2 µmol m −2 s −1 ) in f/2-Si medium (Guillard 1975) , and at their original salinities (8 for BAL, 16 for D5 and 32 for PmK).
Experimental culture conditions
A week before the experiments, the strains were transferred to media with the new salinities (i.e. 8, 16, 32) for acclimation. The experimental cultures were inoculated to the initial cell concentration of about 1500 cells ml −1 in 500 ml Erlenmeyer flasks containing 350 ml of the required medium. Three parallel cultures were grown for each strain at each salinity at 19.8 ± 0.7°C, under cool-white fluorescent light (12 h light:12 h dark cycle, mean PAR 57 ± 2 µmol m −2 s −1 ). The locations of individual culture flasks within the growth chamber were randomly changed several times during the experiment.
Molecular characterisation
For each of the strains, genomic DNA was ex tracted from 50 ml of exponentially growing cultures using the DNeasy™ Plant MiniKit (Qiagen), following the manufacturer's instructions. A portion of the subunit 18S rRNA gene was amplified using 1F (5'-AAC CTG GTT GAT CCT GCC AGT-3') and 1528R (5'-TGA TCC TTC TGC AGG TTC ACC TAC-3') primers (Mon tresor et al. 2004) .
PCR amplification was performed as follows: initial denaturation of 94°C for 4 min followed by 30 cycles of 94°C for 2 min (denaturation), 56°C for 2 min (annealing) and 72°C for 2 min (extension). For each amplification, the following reaction mixture was used: 1 µl of the template, 5 µl of 10X HotMaster Taq Buffer with Mg 2+ (Eppendorf), 5 µl of each primer (10 µM) (Sigma-Genosys), 1 µl of deoxynucleosidetriphosphates (10 µM), 0.4 l of HotMaster Taq Polymerase (Eppendorf) and water to a final volume of 50 µl.
The PCR products were visualised on 0.8% (w/v) agarose gels and stained with ethidium bromide (0.5 µg ml −1 ), and we used the DirectLoad™ Step Ladder (Sigma-Genosys) molecular weight marker to confirm amplification of the DNA fragments (1500 bp).
PCR products were purified using the UltraClean™ PCR Clean-up Kit (MoBio) according to the manufacturer's instructions.
18S rRNA gene nucleotide sequences were determined using ABI Prism ® Big Dye™ (Applied Biosystems) dye terminator chemistry (Applied Biosystems) and an automated ABI Prism ® 3700 Genetic Analyzer (Applied Biosystems). The sequences were compared to known sequences in the GenBank database using BLAST (Altschul et al. 1997) .
Phylogenetic analyses were performed on the Phylo geny.fr platform and comprised the following steps: the sequences were aligned with MUSCLE (v3.7) configured for highest accuracy, and after alignment, ambiguous regions were removed with Gblocks (v0.91b). The phylogenetic tree was reconstructed using the maximum likelihood method implemented in the PhyML program (v3.0). Graphical representation and editing of the phylogenetic tree were performed with TreeDyn (v198.3).
The sequences obtained in this study were deposited in GenBank under accession numbers MH976698, MH976699 and MH976700.
Cell morphology
Cell shape was examined at the original salinity. For scanning electron microscope (SEM) analyses, cells were fixed with 4% formaldehyde and stored at 4°C for 2 d. The cells were then washed in a small amount of distilled water and dehydrated in an ascending series of ethyl alcohol (30, 50, 80, 95, and 100%) . The supernatant was removed each time after sedimentation of the cells (about 3 h). Samples were CO 2 critical point dried, coated with Au/Pd and examined on a Leica-Cambridge Stereoscan 420i electron microscope.
Cell dimensions and growth
Cell dimensions and specific growth rate were analysed after shifting the 3 strains to each of the 3 salinities of 8, 16 and 32. Cell lengths and widths were measured at Days 3, 5, 7 and 10, during the exponential phase, under an inverted microscope (Leitz Labovert) at 320× magnification. At least 40 cells were examined for each strain and salinity.
To determine the cell numbers for the specific growth rate measures, aliquots of the cultures were collected every 2 to 3 d and preserved in 2% formaldehyde (final concentration). These were then examined under an inverted microscope (Leitz Labovert) at 320× magnification (Utermöhl 1958 ). The growth rates were calculated as the slope of the linear regression line of ln cell number C for the time from the beginning (t1) to the end of the exponential growth phase (t2). The exponential growth rates (μ, d −1 ) were calculated according to the equation μ = (lnC2 − lnC1)/(t2 − t1).
Cell volume and elemental analysis
At the intermediate salinity (16), the samples were also processed using an electronic particle counter (Coulter Multisizer, 100 µm orifice tube, dimensional range 2−40 µm) for dinoflagellate volume and growth estimation.
Each sample was analysed twice as a 1:20 dilution to keep the coincidence error under 10%. The curves obtained by the particle counter were processed using Acucomp software.
For the POC and PN analyses, the glassware and GF/F filters used were precombusted for 4 h at 480°C. The cells were harvested and filtered onto 25 mm GF/F filters on Days 3, 7, 11, 16, 20 and 27 for BAL and on Days 3, 7, 11, 15, 19, 24 and 28 for D5 and PmK. The filters were placed in aluminium foil sleeves, dried for 1 h at 60°C and stored at −20°C until further analysis. The inorganic carbon was removed with 1 N HCl (Hedges & Stern 1984) . All of the samples were run in triplicate. Blanks to correct for the contributions of the filter and the media to the background were prepared at the same time. POC and PN were measured using an elemental analyser (2400 CHNS/O, Perkin Elmer), with acetanilide used for the calibration curve.
Delayed fluorescence and in vivo fluorescence
At the intermediate salinity (16), DF and in vivo fluorescence were measured every 2 to 3 d. Both measurements can be utilized for monitoring physiology and acclimated growth of microalgae (MacIntyre & Cullen 2005 , Wood et al. 2005 .
In vivo chl a fluorescence (maximum fluorescence, Fm) was measured with the modulated chlorophyll fluorometer (PAM OS5-FL, OptiSciences). Maximum fluorescence is a fluorescence yield that is equal to the value which would be reached without any photochemical quenching (during a short intensive flash of light) (Maxwell & Johnson 2000) . The measurements were performed from the bottom of cuvettes containing 2 ml samples of algal culture. The fluorescence was measured after 5 s of 50 µmol m −2 s −1 actinic illumination of the samples, without dark adaptation. Modulation intensity and gain were set to 255.
DF was measured in a custom-made photon-counting luminometer (Monti et al. 2005 , Berden-Zrimec et al. 2007 , 2008b ) containing a red light-sensitive photomultiplier tube (Hamamatsu R1104, Hamamatsu Photonics) with a photon counting unit (Hamamatsu C3866, Hamamatsu Photonics) for signal condition-ing and amplification. The instrument was coupled to a personal computer for data collection and elaboration (Monti et al. 2005 , Berden-Zrimec et al. 2007 , 2008b . The samples were measured in 6 ml round cuvettes that were placed into a thermostated sample holder. Illumination was performed by a 20W halogen lamp and wavelengths determined by filters.
DF was measured after 10 min of dark adaptation. Two light filters were used: a short-pass filter (λ < 600 nm) that provided a light intensity of 22 µmol m −2 s −1 PAR at the sample position and a long-pass filter (λ > 650 nm) that provided a light intensity of 12 µmol m −2 s −1 PAR at the sample position. The sample holder was temperature controlled to 20 ± 0.1°C. For each measurement, 2 ml samples were illuminated for 3 s to subsequently measure the DF decay curves over the interval 1 to 60 s after the illumination pulse with a 0.1 s integration time. The background noise (i.e. dark current) was measured prior to each DF measurement and was then subtracted from the DF values.
Delayed fluorescence intensity (DFI) was calculated as the sum of the measured photon counts at a time interval of 1.1 to 2.1 s after sample illumination.
DF decay kinetics was evaluated by the peak intensity and position, i.e. the DF decay curves measured at the 2 illuminations were subtracted, and the resulting peak was evaluated for its intensity and position (Berden- Zrimec et al. 2008a,b) .
Statistical analyses
Growth curves were compared using paired t-tests (paired ANOVA, p < 0.05). Cell dimensions (i.e. length, width) were analysed using Shapiro-Wilks and Bartlett's tests, which checked for normality and homoscedasticity of the data. As these conditions were not satisfied, non-parametric Friedman tests (2way ANOVA by ranks) for either length or width were applied to determine significant differences (p < 0.05). Statistical analyses were performed using R-CRAN 2.4.1 software.
RESULTS
Molecular characterisation
The sequences of 18S rRNA genes indicated that all 3 of these organisms were affiliated to the species Prorocentrum cordatum, with low genetic variability among these strains from the 3 geographical areas (i.e. Baltic Sea, Adriatic Sea, Chesapeake Bay). In the phylogenetic relationship between P. cordatum and other Prorocentrum species, P. micans and P. mexicanum were used as the outgroup. These data confirmed that the 3 strains belonged to the P. cordatum clade (Fig. 1) .
Cell morphology
In SEM analyses, all P. cordatum strains appeared as oval−round cells in plate view ( Fig. 2A−C) . The antapical cell end was usually rounded and the apical end was truncate, with a very slight depression. An anterior spine (single tooth) was always present, and the surface of the plates was covered by minute spines. All the strains presented an apical pore region with 2 pores, a smaller circular auxiliary pore and a larger elongated flagellar pore. The pores were surrounded by small periflagellar platelets consisting of a curved apical collar, forked tooth, single tooth, ridge edge and small tooth ( Fig. 2D ).
Cell dimensions and growth at 3 salinities
The cell dimensions ranged between 10.8 and 19.1 µm in length and from 10.8 to 18.0 µm in width. At all salinities, BAL was the smallest and PmK the largest (Table 1 ). The ANOVA tests for all of the strains showed that there were significant differences between the strain lengths and widths when they were grown at the different salinities (p < 0.05).
Exponential growth was observed between Days 3 and 14. This interval was used for the calculation of growth rate. Overall, the specific growth rates (μ) for these 3 strains ranged from 0.173 ± 0.023 to 0.398 ± 0.071 d −1 ( Table 2 ). All of the strains showed their slowest growth rate at 8, and D5 and PmK had maximal growth rates at 16. BAL showed only minimal differences of growth between the 3 salinities. 
Growth, cell volume and elemental analysis at salinity 16
All 3 growth curves at salinity 16, measured with the Coulter counter, showed a similar trend (Fig. 3) . Exponential growth was observed between Days 0 and 7, and the maxima were reached between 200 000 (PmK) and 300 000 (D5 and BAL) cells ml −1 at the end of the experiment (Fig. 3) .
The strain PmK always had the highest cell volume and D5 always the lowest (Fig. 4A ). Cell volumes changed over time during the growth curves. For D5 and PmK, cell volumes decreased until Day 7 and then increased to Day 20. Similarly, the BAL cell volume decreased to Day 9 and then increased until the For all the strains, the C:N ratio increased with the age of these cultures, although they all showed a small decrease around Day 11 (Fig. 4B) . D5 had the lowest C:N ratio, which was significantly different from the other 2 strains (p < 0.05), whereas the BAL and PmK values were not significantly different from each other (p > 0.05). Overall, C:N ratios ranged from 3.8 to 6.9.
The strains showed different temporal patterns with the POC measured as carbon per cell. For BAL, POC decreased from 173 ± 23 pg cell −1 at the beginning to 137 ± 6 pg cell −1 at the end of the growth curves (i.e. Day 27). Similarly, POC decreased in D5 from 353 ± 15 to 157 ± 21 pg cell −1 and in PmK from 650 ± 160 to 277 ± 15 pg cell −1 . At the end of the growth curve, there was a decrease in POC per cell in all the strains. The cellular nitrogen content (i.e. PN per cell) showed similar temporal patterns as POC, ranging from 127 ± 35 to 20 ± 0.5 pg cell −1 by Day 27 or 28.
From the comparison between the cell volume and POC per cell (Fig. 5) , the 3 strains were easily distinguished. PmK had the greatest cell volume and POC per cell, while D5 had the smallest cell volume and intermediate POC per cell. BAL, therefore, had intermediate cell volume and the smallest POC per cell on average. These differences revealed that for PmK and D5, the cell volume was positively correlated to the POC per cell, while for BAL, this correlation was negative.
Delayed fluorescence and in vivo fluorescence
DFI, calculated from the 1st second of the measurement, showed a similar trend of growth in all 3 strains (Fig. 6A) . After a rapid growth during the first week, it did not increase in the next few days. Afterwards, it grew slowly until Day 21. After Day 26, a senescence was indicated in PmK and D5. In BAL, the decay was not yet observed at the end of the curve. The DFI growth curves differed significantly between the strains (p < 0.05).
In vivo fluorescence (Fig. 6B ) had a different trend of growth than DFI. It was increasing until Day 11 in To compare DFI and fluorescence (Fm) with culture density, the ratios were calculated from the intervals of the DFI and fluorescence exponential growth. Only the data in the interval of the DFI and fluorescence increase were included in the analysis: the DFI values were fitted from about 11 000 to 70 000, 11 000 to 80 000 and 11 000 to 200 000 cells ml −1 in PmK, D5 and BAL, respectively; the in vivo fluorescence values were fitted from the beginning of the experiment until about 40 000 cells ml −1 in PmK and D5 and until 80 000 cells ml −1 in BAL. Table 3 gives the data for the mean ratios for both DFI cell −1 and Fm cell −1 ; these differed significantly between 3 strains (p < 0.05), with PmK having the highest and BAL the lowest ratios. High DFI per cell and Fm per cell ratios go along with high cell volume and POC per cell.
Delayed fluorescence decay kinetics
DF decay kinetics varied during the growth of all 3 of the strains. The peak for BAL showed the least delay at the beginning of growth, with more delay starting from Day 13. BAL then became the most delayed of all of the strains in the period from Days 16 to 21 (Fig. 7A ). Peak positions for D5 and PmK showed the same trends of change with culture growth, although the PmK peak was more delayed for most of the growth period (Fig. 7A) . Peak intensity, on the other hand, changed similarly for all 3 strains (Fig. 7B) ; it was higher in the first few days, then declined to Day 9 (Day 11 for D5) and then increased to Day 19 for D5 and PmK and to Day 27 for BAL. Overall, there were no significant differences be tween the strains (Fig. 7B) . The later increase in BAL peak intensity toward the end might result from the slower growth for BAL under these laboratory conditions.
DISCUSSION
Although the strains had different specific growth rates with respect to the salinity, this study indicates that salinity was not the main driving factor for size and physiological differences between them.
Phylogenetic analyses indicated that the strains studied belong to the same species. This was reinforced by the SEM analyses, where the strains showed the ornamentation of the theca typical of the species (Monti et al. 2010) .
The 3 strains differed in cell dimensions. At all studied salinities, BAL was the smallest, D5 intermediate and PmK the largest. These data suggest that dimensions do not depend directly on salinity. Although possible correlation between the dimensions and salinity for this species has been reported in some studies (Velikova & Larsen 1999 , Hajdu et al. 2000 , Pertola et al. 2003 , Olenina et al. 2016 , no clear relation has been found yet. Pertola et al. (2003) reported that the smallest Baltic Prorocentrum cordatum cells were seen at the highest salinity (i.e. 12). This corresponds to the occurrence of larger P. cordatum near the Lithuanian coast at the lowest salinity (i.e. 0−7) (Hajdu et al. 2000) but is in contrast with findings of Velikova & Larsen (1999) , who reported larger P. cordatum cells in Bulgarian Black Sea waters at higher water salinities than in Romanian Black Sea and Caspian Sea waters, where the salinity was lower because of river inflow. Recently, Olenina et al. (2016) reported that cell size was inversely correlated to salinity in a P. cordatum strain from the Kalmar Algae Collection (Sweden) that was maintained at different salinities. Specific growth rates (0.17−0.40 d −1 ) are in agreement with the laboratory study reported in a review by Heil et al. (2005) . Overall low growth rate probably resulted from the PAR value utilized in the experiments, as the association between high growth rates and high light conditions seems clear for this species (Heil et al. 2005) . In general, the strains had minimum growth rates at salinity 8 and maximum at 16. BAL growth rates were similar at all salinities, which confirms its distinctive response to salinity variations. The different behaviour of BAL might be linked to its adaptiveness to frequent freshwater inputs with resulting high variability of salinity in its original environment.
Several authors (e.g. Grzebyk & Berland 1996 , Hajdu et al. 2000 reported a preference of P. cordatum for intermediate salinity. This preference was also confirmed in the present study. Consequently, ex tended comparison of strains was performed at intermediate salinity 16. The measurements of cell volumes at salinity 16 using the Coulter principle showed changes during culture growth for all of the strains. Cell volume first decreased, probably because of the rapid successive cell division, then, after Day 7, the volume started to increase. The C:N ratio showed a similar trend, possibly because carbon was used to increase cell size, especially the theca. After Day 7, the lowering growth rate suggests a possible limitation in light or nutrients. The Coulter counter analysis provides a 3-dimensional measure to determine the volume, including cell thickness. In contrast, light microscopy observations will only evaluate 2 cell dimensions, overlooking the cell thickness, which changes during growth in accordance with the cell division process (Monti et al. 2010) . These changes were also found in this study, as the BAL strain had lower length and width dimensions but higher volume compared to D5.
Carbon content per cell was the lowest for BAL and the highest for PmK. These data are in agreement with the data from other studies. analysed ultrastructural and physiological re sponses of P. cordatum at different light intensities and reported that at high light intensity (i.e. 238.3 µmol m −2 s −1 ), carbon per cell was 148 pg cell −1 , while at lower light intensity (i.e. 31.2 µmol m −2 s −1 ), carbon per cell was higher, at 240 pg cell −1 . Moal et al. (1987) reported a reduction in carbon, nitrogen and protein densities of more than 50% after the shift from exponential to stationary phase. They stated that the observed reduction could be due to physiological changes induced by limiting factors in the batch cultures. In the present study, the carbon and nitrogen contents per cell decreased at the end of growth, when cells were passing into the stationary phase.
Direct comparisons of carbon contents and cell volumes clearly divided the 3 strains. There was a positive correlation for PmK and D5 and a negative correlation for BAL. This is likely to be linked to the thinner theca or larger vacuoles in BAL.
C:N ratio has been suggested as a means to identify nutrient storage in natural populations of phytoplankton (Donaghay et al. 1978 , Sakshaug 1980 ). The C:N ratios in the present study varied from 3.8 to 6.9. These ratios resemble those for other dinoflagellates (Strick land et al. 1969 , Cullen & Horrigan 1981 , Heaney & Eppley 1981 , Taguchi 1981 , Cullen et al. 1982 but are lower than those reported for P. cordatum. In particular, Paasche et al. (1984) studied the effects of nitrogen source and light−dark cycles on C:N composition. The atomic C:N ratios for P. cordatum were 7.84 to 10.26 under the different light regimes, similar to those reported by at 2 different light intensities (31.2 and 238.3 µmol m −2 s −1 ), with C:N ratios of 6.40 and 11.1, respectively.
In our previous studies, we established that P. cordatum strains exhibit different in vivo and DF characteristics when growing at their original salinities (Monti et al. 2005 , Berden-Zrimec et al. 2008a ). Delayed and in vivo fluorescence contain information about the fundamental processes of the photosynthetic apparatus (Goltsev et al. 2003) . If the main driver for the photosynthetic differences between these strains would be salinity, greater similarities in DFI and DF kinetics would be expected when these strains were growing under the same conditions of salinity. Nevertheless, DFI showed significant difference between the growth curves of 3 strains growing at salinity 16. DFI was the lowest in BAL and the highest in PmK, the same as when they are growing at their original salinities (Monti et al. 2005) .
In vivo fluorescence was significantly different only between BAL and PmK, while DFI per cell and in vivo fluorescence per cell were significantly different between the strains. DFI per cell in the PmK cultures was probably the highest because of the largest cell volume. Also, in vivo fluorescence per cell was highest in PmK, resulting from its highest chl a cell content (Monti et al. 2005) .
Because of its sensitivity to differences in the physiology of the photosynthetic electron chain, DF decay kinetics varies between algal species and even between strains (Berden-Zrimec et al. 2007 , 2008b . It also reflects their physiological state , Berden-Zrimec et al. 2008b ). The DF components that decay more rapidly provide information about the rate of energy absorbed by the photosynthetic membranes (Desai et al. 1983 ). The presence of a peak in DF decay curves shows the involvement of Photosystem I in the generation of DF at later stages (several seconds after the illumination pulse) (Desai et al. 1983 , Hideg et al. 1991 , Monti et al. 2005 , Berden-Zrimec et al. 2008b ). The components that decay more slowly reflect the differences in the rates of back reactions in the electron chains and provide information on the temporary energy storage during photosynthetic electron transport (Desai et al. 1983) . DF decay kinetics for the studied P. cordatum strains, evaluated according to peak position and intensity, depended both on strain and culture age. While peak intensity changed similarly for all 3 strains, peak position changed differently for BAL. The differences among the 3 strains coincided with the differences between the strains when growing at their original salinities (Monti et al. 2005) , which indicates that salinity was not the main cause for the variability among the strains.
CONCLUSIONS
The Prorocentrum cordatum strains considered in the present study belong to the same species, but they show different cell dimensions, physiological responses and photosynthetic activities under the same salinity culture conditions. Salinity was not the main driving factor for the different size and photosynthetic activity across these P. cordatum strains. In contrast, growth of these strains was influenced by salinity. All strains showed lower specific growth rates at salinity 8, and the intermediate salinity (16) appears to be optimal also for strains that usually live at different salinities.
Our data suggest that impending climate change, potentially increasing water run-off from the land and subsequently changing the salinity of coastal waters, would not influence the dimensions and photosynthetic activity of P. cordatum but might nonetheless influence growth and cell concentrations, with consequent effects on bloom events.
